Soybean oil is an important source of vegetable oil for human food and nonfood applications and accounts for approximately 22% of the world's total edible oil production. Improvement of the quality and quantity of soybean seed oil constituents is one of the most important objectives in soybean breeding. The objective of this study was to identify quantitative trait loci (QTLs) that control oleic, linoleic, and linolenic acid contents in soybean. The 117 F2:10 recombinant inbred lines (RIL) developed from a cross of 'Keunolkong' and 'Shinpaldalkong' were used. Narrow-sense heritability estimates based on a plot mean on seed weight, protein and oil content were 0.85, 0.82 and 0.81, respectively. Eight independent QTLs for oleic acid content were identified from linkage group (LG) A2, C1, D2, F, G, L, and O. Seven QTLs for linoleic acid content were located on LG D1b, E, H, I and L. Oil content was related with five QTLs located on LG C1, H, J, K, and L. Oleic, linoleic, and linolenic acid have two common QTLs on LG C1 and L. Thus, we identified major loci improving soybean oil quality.
Introduction
Soybean oil is an important source of vegetable oil for human food and nonfood applications and accounts for approximately 22% of the world's total edible oil production [5, 10] . Soybean oil consists mainly of palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2), and linolenic (C18: 3) acid (wilson, 1991) . Conventional soybean cultivars oil with an average of 15.0% saturated fatty acid (palmitic and stearic acid) and 85% unsaturated fatty acid (oleic, linoleic and linloenic acid). The fatty acid composion of soybean oil completely determines its nutritional value [7] , storage compatibility [15] , industrial properties [12] and potential food applications [14, 19] .
On the other hand, plamitic acid and lonolenic acid was known as representative fatty acid that deteriorate quality of smell, taste etc.. among soybean's fatty acid. Specially, reduction of palmitic acid content of soybean oil would lower the total saturated fatty acid content and improve the oil quality for human consumption. Also, may reduce fatty acid's regeneration by reducing linolenic acid content in soybean oil. Like this, can make soybean oil by fatty acid of good quality by doing. Therefore, the manipulation of soybean oil quality by altering fatty acid composition is an important breeding objective in the world [18, 21] .
Previously, we reported that many mutant allele contribute to alter the fatty acid content in soybean oil [17] . Recent advances in molecular marker technology, especially the development of SSR markers in soybean and an integrated soybean genetic mapping and dissection of qualitative and quantitative traits in soybean [16] . Brummer et al. [2] mapped the fan allele controlling reduced linolenic acid from C1640 on LG-B2. With mapping population formed from Glycine max × Glycine soja Siebold & Zucc., Diers and
Shoemaker [3] mapped QTL conditioning five major fatty acids mainly on two linkage groups of the USDA/ISU map using RFLP marker. The primary objective of the present research was to improve the breeding efficiency of unsaturated fatty acid quality in soybean. This study was conducted to identify simple sequence repeats (SSR) markers associated with QTLs and marker-assisted selection (MAS) for oleic, linoleic, and linolenic acid contents in soybean.
Materials and Methods

Plant materials and field evaluation
The well-characterized soybean cultivars, 'Keunolkong'
and 'Shinpaldalkong' were used as mapping parents. 'Keunolkong' is the pure-line derived from a local variety selected in Korea. It possesses early maturity, large seed size, high protein content, and low oil content. 'Shinpaldalkong' is the typical cultivars released from systemic breeding programs through the deliberate crossings, 'Will'× ('Elf'× SS74185). 'Shinpaldalkong' showed the late maturity, small seed size, low protein content, and high oil content.
The RIL populations were obtained from the crosses of 
Determination of fatty acids
In order to determine the composition of soybean fatty acids, solvent extract oil was used. About 50 mg of oils was placed in a screw-capped vial, and 5 ml of methylation solution (H2SO4 : MeOH : toluene = 1 ml : 20 ml : 10 ml) was added. The sealed vial was heated on a water bath (100 o C, respectively. The carrier gas was nitrogen at a flow rate of 0.5 ml per min, and the split ratio at the injector port was 50:1.
DNA isolation and analysis
Genomic DNA was isolated from fresh leaves following the procedure described by Keim et al. [8] . 
Map construction and statistical analysis
Means of traits, correlation, and analysis of variance were determined by SAS program (SAS, 2002). Narrow-sense heritability was calculated on a per-plot basis, using estimates of the variance components [4] . Based on the segregation data subsets for SSRs and morphological markers, we constructed a linkage map with MapManager QT version 2.8 software [11] . Recombination fractions were converted to map distances by applying the Haldane map function [6] .
The association between marker and QTL was tested according to the interval mapping methods of Whittaker et al. [20] , using MapManager QT and single-factor ANOVA (SF-ANOVA). For each SSR and morphological marker, the class means for seed weight, protein and oil concentration were compared for significance (p<0.05) using an F-test from the Type Ⅲ mean squares, as obtained from the General Linear Model (GLM) procedure of SAS.
If SF-ANOVA identified two or more linked markers associated with the seed weight, protein and oil content, multiple regression analysis was conducted by including all the significant markers on that linkage group in the model (SLG-Regr). All significant markers from the SLG-Regr analysis were then combined into a multiple-linkage group regression (MLG-Regr) at p<0.05 to determine the combination of independent markers those were explaining the greatest amount of phenotypic variation in a given trait.
The probability level of 0.05 was selected to enhance our ability to detect QTLs associated with seed weight, protein and oil concentration. Finally, the coefficient of determination (R 2 ) obtained from MLG-Regr was used to provide an estimate of the percentage phenotypic variation explained by the markers. 
Results and Discussion
Oleic, linoleic, and linolenic acid contents Variation of oil content [9] , oleic, linoleic, and linolenic acid contents in the F2:10 RIL population is presented in Table 1 and Fig. 1 . 'Keounolkong' shows low oil and linolenic acid content, and high oleic and linoleic acid contents while 'Shinpaldalkong' is characterized with high oil and linolenic acid contents, and low oleic and linolenic acid contents. There was significant difference (p<0.05) among the RIL for each traits in the population. Transgressive segregation for unsaturated fatty acid was found a few lines being significantly greater or lower than high and low parents ( Fig. 1 ).
Oleic acid content ranged from 20.94 to 41.19% and linoleic acid content ranged from 39.69 to 46.76%, and linolenic acid content ranged 4.49 to 29.13%. Narrow-sense heritability of oleic, linoleic, and linolenic acid contents were 0.85, 0.82 and 0.81, respectively (Table 1 ). There was a strongly negative correlation between oil and linolenic acid content (r=-0.413, p<0.001), oleic acid and linoleic acid content (r=-0.913, p<0.001), and oleic acid and linolenic acid contene (r=-698, p<0.001). On the other hand, linoleic acid content was strongly positively correlated with linolenic acid content (r=0.559, p<0.001) ( Table 2 ).
The heritability observed in our population for indicated that selection response would be reasonable for achieving genetic gain. the markers was in agreement with the public soybean molecular linkage map [16] .
Construction of linkage map based on RIL
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QTL analysis for seed traits
The SF-ANOVA analysis identified fifteen markers (data not show) as potentially associated with oleic acid content.
MLG-Regr analysis showed that eight QTL markers on LG A2, C1, D2, F, G, L, and O were significantly associated with oleic acid content ( For both unsaturated fatty acid contents, we observed that different allele effects depended on the chromosomal background. For example, the 'Keunolkong'-derived marker allele on LG C1 increased the contents of oleic and linoleic acid. On the other side, reverse effect was seen with the linolenic acid content. This result is exactly agreed with the result that the linolenic acid and oleic acid contents are negatively correlated with each other. And, the linolenic acid and linoleic acid contents are positively correlated with each other. The both those contents are controlled in the same direction under the same genes. Nevertheless, we detected no tentative QTLs in LG C1 that were related to oleic, linoleic, and linolenic acid contents. Therefore, further study is needed to confirm whether those QTLs are real or that, instead, environmental factors affected those results. Finally, we hope that the QTLs identified from this study and recent germplasm line that we have relased will benefit breeders in accumulation favorable alleles for improvement in soybeaqn seed quality.
